INTRODUCTION
Tall fescue [Schedonorus arundinaceus (Schreb.) Dumort.] is a cool-season perennial grass commonly used for livestock production due to its environmental and herbivory stress resilience. This heartiness is attributed to the symbiotic association with the fungal endophyte Neotyphodium coenophialum (Burns and Chamblee, 1979) . Although beneficial to the plant, the endophyte produces an array of toxic ergot alkaloids.
ABSTRACT:
It was hypothesized that a tannin-rich legume such as sainfoin attenuates the negative postingestive effects of ergot alkaloids in tall fescue. Thirty-two 4-mo-old lambs were individually penned and randomly assigned to a 2 × 2 factorial arrangement with 2 legume species, sainfoin (SAN; 2.9% condensed tannins) or cicer milkvetch (CIC; without tannins) and a mixed ration containing tall fescue seed (50:30:20 seed:beet pulp:alfalfa) with 2 levels of endophyte infection (endophyte-infected tall fescue seed [E+; 3,150 ug/L ergovaline] or endophyte-free tall fescue seed [E-]). For a 10-d baseline period, half of the lambs were fed SAN and half were fed CIC and all lambs had ad libitum amounts of E-. In an ensuing 10-d experimental period, the protocol was the same except half of the lambs fed SAN or CIC received E+ instead of E-. Subsequently, all lambs could choose between their respective legume and seed-containing ration and between E+ and E-. Finally, an in vitro radial diffusion assay was conducted to determine whether tannins isolated from SAN would bind to alkaloids isolated from E+. All groups consumed similar amounts of E-during baseline period (P > 0.10), but lambs ate more E-than E+ during the experimental period (P < 0.05) and lambs offered SAN ate more E+ than lambs offered CIC (P < 0.05). Groups fed E-during the baseline and experimental periods had similar rectal temperatures (P > 0.10), but lambs fed E+ had lower rectal temperatures per gram of feed ingested when supplemented with SAN than with CIC (P < 0.05). Lambs fed E+ had greater concentrations of hemoglobin and more red blood cells than lambs fed E-(P < 0.05), but plasmatic concentrations of cortisol and prolactin did not differ among treatments (P > 0.10). All lambs preferred their treatment ration over their treatment legume, but lambs in the SAN and E+ treatment ate more legume + ration than lambs in the CIC and E+ (CIC-E+; P < 0.05) treatment. All lambs preferred Eover E+, but lambs in the CIC-E+ treatment ate the least amount of E+ (P < 0.05). Binding of isolated SAN tannins to protein was reduced by the E+ isolate (P < 0.05), suggesting a tannin-alkaloid complexation but only from tannins extracted from SAN fed early in the experimental period. In summary, SAN supplementation increased intake of and preference for E+ and reduced rectal temperatures relative to CIC supplementation. Our results suggest that these effects were mediated by the condensed tannins in SAN through alkaloid inactivation, an interaction that declined with plant maturity.
Economic losses from these alkaloids have been estimated to be more than US$1 billion dollars a year from the U.S. beef industry alone (Hancock and Andrae, 2009) and result from mechanisms ranging from decreased nutrient absorption (Egert et al., 2014) and elevated body temperature (Schmidt and Osborn, 1993) to tissue necrosis (Strickland et al., 1993) and poor reproduction performance (Porter and Thompson, 1992) Condensed tannins have a strong binding affinity for proteins (Charlton et al., 2000) and have been shown to bind other nitrogen-based compounds such as alkaloids (Okuda et al., 1982) . This interaction could reduce absorption of alkaloids through the gastrointestinal epithelia, thus reducing their toxic effects (Catanese et al., 2014) . Sainfoin (Onobrychis viciifolia Scop.) is a tannin-rich temperate legume (Wang et al., 2015) and may alleviate the toxic effects of alkaloids from tall fescue, leading to greater intake of and preference for ergot alkaloid-containing feeds.
We hypothesized that sainfoin would reduce the negative postingestive effects of ergot alkaloids. If so, we predicted that sainfoin supplementation would alleviate some physiological parameters associated with fescue toxicosis and increase intake of and preference for a mixed ration containing ergot alkaloids relative to supplementation with a non-tannin-containing legume. We further predicted that if condensed tannins isolated from sainfoin bound alkaloids isolated from endophyteinfected seed, the reactivity of tannins with protein in an in vitro radial diffusion test would be reduced.
MATERIALS AND METHODS
The study was conducted at the Green Canyon Ecology Center, located at Utah State University in Logan (41°45′59″ N, 111°47′14″ W), according to procedures approved by the Utah State University Institutional Animal Care and Use Committee (approval 2372). The experiment took place from June 24 to August 14, 2014.
Animals and Treatments
Thirty-two commercial Finn-Columbia-PolypaySuffolk crossbred lambs (4 mo of age) with an average initial BW of 41 ± 2 kg were individually housed outdoors under a protective roof in individual, adjacent pens measuring 1.5 by 2.5 m. They were fed ad libitum amounts of alfalfa pellets and approximately 300 g beet pulp/d for 15 d preceding the experimental period. Throughout the study, lambs had free access to fresh water and trace mineral salt blocks (mineral composition: minimum 96% NaCl, 320 mg/kg Zn, 380 mg/kg Cu, 2,400 mg/kg Mn, 2,400 mg/kg Fe, 70 mg/kg I, and 40 mg/kg Co). Before the study began, all lambs were orally dewormed with pyrantel (26.5 mg/ kg of BW) and albendazole (25 mg/kg of BW).
Treatments were structured in a 2 × 2 factorial design with 2 legume species-sainfoin (SAN), a tanninrich legume, or cicer milkvetch (CIC; Astragalus cicer L.), a legume without tannins-and 2 types of tall fescue seed, endophyte-infected tall fescue seed (E+) or endophyte-free tall fescue seed (E-), mixed in a ration with ground beet pulp and alfalfa hay (see below). The legumes were of similar nutritional value (Table 1) and varied in tannin concentration (average concentration for the study: 2.93 ± 0.14 vs. 0.08 ± 0.01% for SAN and CIC, respectively; see Fig. 1 for daily concentrations). Lambs were stratified by BW and then randomly assigned to the 4 treatments (8 lambs/treatment): SAN and E+ (SAN-E+), CIC and E-(CIC-E-), CIC and E+ (CIC-E+), and SAN and E-(SAN-E-).
Forages and Rations
Well-established and sprinkler-irrigated stands of SAN (cv. Shoshone) seeded in the spring of 2009 and CIC (cv. Monarch) seeded in the spring of 2012 at the Utah State University pasture research facility in Lewiston, UT (41°56′ N, 111°52′ W) provided the supplemental legumes for this study.
Sainfoin collected from a 0.59-ha (118 by 50 m) paddock and CIC from a 0.25-ha (57 by 43 m) paddock were harvested each morning at 0700 h and immediately transported to the Green Canyon Ecology Center for daily feeding. A flail harvester (Rem Manufacturing Ltd., Swift Current, SK, Canada) cut the legumes to a length of 15 cm. Chemical composition of the legumes is reported in Table 1 . Sainfoin and CIC were in the vegetative stage during the familiarization and baseline periods and in the late vegetative stage and the flowering stage during the experimental period.
Two rations were created by mixing tall fescue seed (50%) with ground (1 to 2 mm particle size) beet pulp (30%) and alfalfa hay pellets (20%). The E-ration contained endophyte-free Kentucky-32 tall fescue seed (var. Kentucky-32; ergovaline content: 0 μg/L), whereas the E+ ration contained E+ (var. Kentucky-31), which formed a mix of high ergovaline content (3,150 μg/L). Fescue seed was ground to pass a 2-mm screen in a Wiley mill (model 4; Thomas Scientific, Swedesboro, NJ) before it was mixed into the diet. Ergovaline concentration was used as an indicator of endophyte infection.
Ground beet pulp, alfalfa pellets, and tall fescue seed were mixed using a self-propelled total mixed ration mixer (model 450; I. H. Rissler Manufacturing, Mohnton, PA). The chemical composition of the mixed rations is reported in Table 1 .
Experiment 1. Intake of Endophyte-Infected Tall Fescue Seed and Endophyte-Free Tall Fescue Seed
Familiarization Period (June 30 to July 8). In this period, lambs became familiar with the experimental protocol, legumes, and rations. From 0930 to 1000 h on June 30, all lambs received 200 g of E-, and from 1000 to 1600 h, they received 100 ± 10 g of SAN or CIC (DM basis) according to their assigned treatments: SAN-E-and SAN-E+ received SAN whereas CIC-E-and CIC-E+ received CIC (Fig. 1) . The offered ration was increased by 50 g daily until an offering of 600 g (as-fed basis) per lamb per day was reached. Offered legumes were also increased by approximately 35 g (DM basis) daily until an offering of 380 g DM per lamb per day was reached. Lambs fed SAN were willing to eat more legume than lambs offered CIC due to differences in forage palatability. Therefore, the amounts of legume offered were restricted to 380 g DM with the aim of achieving similar levels of legume intake across groups, thus minimizing their influence on ration intake. 4 NDFD48 = in vitro NDF digestion (as a % of NDF) for 48 h.
5 Determined by near-infrared reflectance spectroscopy (Shenk and Westerhaus, 1991) .
6 Baseline values collected from July 9 to July 20, 2014. 7 Experimental period values collected from July 21 to August 1, 2014. 8 CP (Hilrich, 1990) , NDF (Van Soest et al., 1991) , and ADF (method 973.18; AOAC, 2002) .
9 E-= endophyte-free tall fescue seed. A mixed ration containing endophyte-free tall fescue seed (50:30:20 seed:beet pulp:alfalfa).
10 E+ = endophyte-infected tall fescue seed. A mixed ration containing endophyte-infected tall fescue seed (50:30:20 seed:beet pulp:alfalfa). Lambs were offered cicer milkvetch (CIC-E+) or sainfoin (SAN-E+) and a ration containing endophyte-infected tall fescue seed (E+), whereas the other 2 groups-as during the baseline period-had cicer milkvetch (CIC-E-) or sainfoin (SAN-E-) and E-. 3 Preference between legumes and mixed rations: All lambs received a simultaneous offer of their respective legumes (sainfoin or cicer milkvetch) and mixed rations (E+ or E-) in choice tests. 4 Preference between mixed rations: All lambs received a simultaneous offer of E+ and E-in choice tests.
Refusals were weighed daily at 1600 h. Approximately 650 g of alfalfa pellets were given from 1600 to 0900 h from June 30 to July 2 to offset the initial low DM offering of legume and mixed ration. No alfalfa pellets were given after July 2.
Baseline Period -No Ergovaline (July 9 to July 20). From 1000 to 1600 h, all lambs were offered their respective supplemental legumes. From 1100 to 1200 h, all lambs received ad libitum amounts of the E-ration (Fig. 1) . The amounts of E-offered ranged between 600 to 750 g and were adjusted within this range daily depending on individual lamb intake such that refused amounts were always greater than 50 g.
Experimental Period (July 21 to August 1). From 1000 to 1600 h, all lambs were offered their respective supplemental legumes. From 1100 to 1200 h, half of the lambs in each legume treatment group continued to receive the E-ration and the other half received the E+ ration (Fig. 1) . A period of adjustment to the mixed rations was allowed from July 21 to 24 to prevent lambs in E+ treatments from overconsuming ergot alkaloids because animals were unfamiliar with the toxic postingestive effects of the E+ ration. On July 21, the amount of E+ ration offered was restricted to 350 g. On July 22, the amount offered was restricted to 400 g and then it was increased to 500 and 600 g during July 23 and 24, respectively. From July 25 until August 1, the ration was offered in ad libitum amounts from 1100 until 1200 h.
Experiment 2 -Influence of Legumes on Preference for Endophyte-Free Tall Fescue Seed and Endophyte-Infected Tall Fescue Seed Rations
Preference between Legumes and Mixed Rations (August 2 to August 7). From August 2 to 3, all lambs received ad libitum amounts of alfalfa pellets from 0800 to 1600 h. During August 4 through 7 from 1000 to 1030 h, all lambs received a simultaneous offer of their respective legumes (SAN or CIC) and mixed rations (E+ or E-) in choice tests (Fig. 1) . Boxes containing the specific mixed ration and legume that each lamb had during Exp. 1 (600 g DM) were randomly placed side by side on a daily basis. At 1030 h, feeds were removed and intake of rations and legumes was determined.
Preference between Mixed Rations (August 8 to August 14). From August 8 to 10, all lambs received ad libitum amounts of alfalfa pellets from 0800 to 1600 h. During August 11 through 14 and from 1000 to 1030 h, all lambs received a simultaneous offer of both rations (E+ and E-) in choice tests (Fig. 1) . Boxes of rations were randomly placed side by side (600 g DM) on a daily basis. At 1030 h, feeds were removed and intake of rations was determined.
Measurements
Intake and Preference. Individual daily intake of each feed was calculated by the difference between the amounts of feed offered and the amounts refused. Intake was expressed as grams DM/kilogram of BW 0.75 . Preference was estimated by the different amounts of feed ingested during preference tests.
Weights. Lambs were weighed at 0800 h after an overnight fast at the beginning (June 24) and end (August 1) of Exp. 1. Average daily gains were calculated.
Rectal Temperatures. Rectal temperature was measured during Exp. 1 for the baseline and experimental period every other day until August 1. Measurements were performed using a rectal digital thermometer that was held in the rectum until reaching a stable reading. Measurements were conducted between 1600 and 1700 h, 6 h after animals started feeding on E+ and when environmental temperatures were peaking for the day. Rectal temperatures were standardized by creating the ratio rectal temperature/amount of feed (legume + ration) consumed by each lamb on the day of the measurement because differences in intake can influence body temperature (Osuji, 1974) .
Blood Analyses. Blood tests were performed on 2 blood samples (with and without EDTA added; Becton Dickinson Vacutainer System; Becton Dickinson and Company, Franklin Lakes, NJ; 10 mL tubes) collected via jugular venous puncture at 0800 h from all individual lambs at the beginning of the baseline period (July 10) and at the end of the experimental period (August 1). Samples with EDTA were immediately submitted to the Utah Veterinary Diagnostic Laboratory (Logan, UT) for total blood cell count (Advia 120 Hematology Analyzer; Siemens Healthcare Diagnostics, Tarrytown, NY). The second sample, taken in a No Additive Monoject Vacutainer tube (Becton Dickinson Vacutainer System; Becton Dickinson and Company, Franklin Lakes, NJ) was allowed to clot for 45 min before being centrifuged (2,300 × g for 25 min at 4°C). The serum was then extracted, placed in 1.5-mL microcentrifuge tubes, and stored at -20°C until analyses. Serum concentration of cortisol and prolactin was determined at the Reproductive Endocrinology Laboratory of Colorado State University (Fort Collins, CO). Serum concentration of cortisol was determined by RIA procedures (MP Biomedicals, LLC, Solon, OH). Minimum detectable concentration of cortisol in serum was 0.1 µg/dL. Intra-assay CV was 2.41%. Prolactin was determined by RIA procedures (Reproductive Endocrinology Laboratory; in-house assay). Minimum detectable concentration of prolactin in serum was 11.5 ng/mL. Intra-assay CV was 5.36%. Signs of fescue toxicosis include a typical decreased concentration of prolactin in serum and/or plasma (Thompson et al., 1987) . Additionally, stress caused by the ingestion of toxins could induce an increased concentration of cortisol in blood (Harbuz and Lightman, 1992) .
Chemical Analyses. Representative samples of SAN, CIC, and rations were taken each day before feeding. Rations and legumes were placed in paper bags and dried in a forced-air oven (VWR Scientific Inc., Radnor, PA) at 60°C for 72 h to determine moisture content, to express intake values on a DM basis. Separate samples of legumes were collected at the same time and frozen in plastic seal top bags. Legumes were subsequently freeze-dried and ground to pass the 1-mm screen of a Wiley mill (model 4; Thomas Scientific). Forage nutritive value was determined via near-infrared reflectance spectroscopy with a scanning monochromator (model 6500; FOSS NIRSystems, Inc., Laurel, MD) and chemometrics software (WinISI version 4.5; Infrasoft International LLC, State College, PA). Near-infrared reflectance spectroscopy reflectance data were obtained at 2-nm increments between 1,100 and 2,498 nm. A mixed hay equation (12mh50-2.eqa; NIRS Forage and Feed Testing Consortium, 2009) developed according to procedures of Shenk and Westerhaus (1991) from a calibration set containing multiple species was used to predict sample composition. The distribution and boundaries of SAN and CIC sample spectra were well represented by the population structure of spectra in the calibration set, so no additional wet chemistry was required. Summary calibration and cross-validation statistics for this equation are at http://nirsconsortium.org/Resources/ Documents/2013EquationReport-Level2.pdf (NIRS Forage and Feed Testing Consortium Equation Reports, 2013) .
Legumes were analyzed for CP, ADF, amylasetreated NDF (aNDF), in vitro true DM digestibility, in vitro NDF digestion (as a % of DM) for 48 h, ash, lignin, RUP, and in vitro NDF digestion (as a % of NDF) for 48 h. The mean global H number (distances from the population average) and neighborhood H number (distances from the closest sample) for the population of samples were 1.87 (SEM 0.05) and 1.25 (SEM 0.04), respectively. Rations (E+ and E-) were analyzed for DM (Hilrich, 1990) , CP (Hilrich, 1990) , NDF (Van Soest et al., 1991) , and ADF (method 973.18; AOAC, 2002) .
Condensed tannin concentrations in SAN were determined in triplicate according to Grabber et al. (2013) using a standard of isolated SAN tannin. Ergot alkaloid analyses were determined in duplicate using the procedure of Yates and Powell (1988) . For simplification, reported ergovaline concentrations were the sum of ergovaline and its isomer, ergovalinine.
Experiment 3 -Radial Diffusion Assay and Tannin-Alkaloid Interaction
The interaction between tannins isolated from SAN and ergot alkaloids isolated from E+ was estimated by a modification of the radial diffusion method described by Hagerman (1987) to determine tannin concentrations in plant extracts. Briefly, a tannin-containing solution is placed in a well of an agarose gel plate containing 1% BSA. As tannins diffuse into the gel and complex with protein, a visible ring of precipitation is formed that is proportional to the amount of tannin in the extract (Hagerman, 1987) . Ergot alkaloids were mixed to tannin solutions before their addition to the gels. If alkaloids react with tannins, this interaction will reduce the number of available binding sites in the tannin molecules leading to a reduction in the diameter of the precipitation ring during the diffusion process.
Condensed tannins were isolated using the method of Hagerman (2011) . Briefly, a suspension of 5% wt/vol finely ground plant material in 1% vol/vol acetic acid, 24% vol/vol water, and 75% vol/vol acetone was sonicated for 15 min with periodic mixing. Mixtures were centrifuged for 10 min at 3,000 × g at 4°C and the supernatant was filtered through a coarse fritted disk; plant material was extracted a total of 3 times and the supernatants were combined. The supernatant was mixed with an equal volume of ethyl ether and the aqueous layer was retained; the supernatant was extracted a total of 3 times with equal volumes of ethyl ether. The acetone and ethyl ether remaining in the aqueous solution were removed by rotary evaporation. The aqueous solution was mixed with Sephadex LH 20 resin (Sigma-Aldrich, St. Louis, MO) equilibrated in 80% vol/vol ethyl alcohol and 20% vol/vol water, rinsed with 95% ethyl alcohol, and extracted with a solution of 75% vol/vol acetone and 25% vol/vol water. The acetone was removed by rotary evaporation, and the aqueous solution was frozen and freeze-dried.
Two condensed tannin extracts were prepared from a composite of SAN samples collected during the first (Early: July 20, 22, and 23; vegetative stage) and last days of Exp. 1 (Late: July 30, 31 and August 1; early bud stage). The tannin solutions (100 g/L) were prepared by dissolving the extracts with methanol. Aliquots for each of these solutions were mixed for approximately 2 min using a vortex shaker with 2 ergot alkaloids (ergotamine [Sigma-Aldrich, St. Louis, MO] and E+ extract) and a negative control (E-extract). The amount of alkaloid and seed extract added to the tannin solution were based on an animal consuming a diet consisting of equal portions of E+ and SAN containing ergovaline and tannin concentrations similar to those in Exp. 1 (3.15 and 25,000 mg/kg, respectively).
A complete description of the tall fescue seed extract preparation and alkaloid analysis was previously published by Ji et al. (2014) . Briefly, E-and toxic E+ was ground, packed into columns, and soaked with 80% ethanol. The eluent was dried and then further purified. The dried extract was reconstituted with a fixed volume of water and a hexane extraction was performed on the seed extract, with the hexane fraction discarded. Chloroform was added to the remaining aqueous phase. Chloroform was removed using a rotary evaporator (Yamato Scientific America Inc., Santa Clara, CA). The remaining residue was solubilized in 80% methanol to generate the final stock extracts used in the current experiment. Ergovaline was the most abundant (3.2 × 10 -6 M) alkaloid in the endophyte-infected extract, with concentrations approximately 100x to 1,000x the concentration of other alkaloids. In contrast, ergovaline was not detected in the endophyte-free extract (Foote et al., 2012) .
Ten agarose gel plates were prepared according to the original method of Hagerman (1987) . Wells were made in the agarose plates using a 4-mm biopsy punch. Approximately 6 μL of each solution was pipetted into the wells to ensure that the amount of tannin concentration added was consistent between treatments. Plates were sealed with Parafilm (Sigma-Aldrich) and incubated at 30°C for 120 h. Following incubation, the diameters of the precipitate ring were measured in perpendicular directions using digital calipers. Three individual observers were used to measure the precipitate rings to minimize any potential bias. For simplicity, the effect of the ergotamine and the seed extracts were standardized and expressed as a percentage of the control tannin activity.
Statistical Analyses
Experiments 1 and 2. The statistical design for the ANOVA was a split plot with day (response variables: legume and ration intake and rectal temperatures) or period (response variables: blood parameters and BW) as the repeated measures. The between-animal factor was a factorial with 2 levels of legume (SAN or CIC) and 2 levels of ration (E+ and E-). This treatment structure was maintained in both the baseline and experimental periods of Exp. 1 and 2. Lambs were nested within each treatment. The dependent variables were feed intake, rectal temperature/gram of DM ingested per unit of metabolic BW, ADG, and blood parameters. During preference tests (Exp. 2), the feed offered in the choice test (legume and ration or E+ and E-) was the within-animal factor in the model. All analyses were computed using a mixedeffects model (SAS version 9.1 for Windows; SAS Inst., Inc. Cary, NC). The variance-covariance structure used was the one that yielded the lowest Bayesian information criterion. The model diagnostics included testing for a normal distribution of the error residuals and homogeneity of variance. Means were analyzed using pairwise differences of least squares means.
Experiment 3. The statistical design for the ANOVA was a randomized complete block design with observer of the plates as a repeated measure. Each treatment had 10 replicates with the plate serving as the blocking factor. Type of SAN tannin (Early and Late) and alkaloid (E+, E-, and ergotamine) and their interaction were analyzed as fixed factors using the computing methods described in Exp. 1 and 2.
RESULTS

Chemical Composition of the Forages and Rations
The chemical composition of the forages is reported in Table 1 . The nutritional value of the legumes showed a small decline from the baseline to the experimental period, particularly for SAN. Both legumes were of similar nutritional quality, although CIC had greater concentrations of CP, ash, and lignin and lower concentrations of ADF, aNDF, and RUP (Table 1) . Estimates of in vitro true DM digestibility, digestible NDF, and in vitro NDF digestion (as a % of NDF) for 48 h were greater for CIC than for SAN (Table 1) .
Both rations were of similar nutritional quality. Concentrations of CP, ADF, and NDF for E-and E+ were, respectively, 14.4 ± 0.3, 22.9 ± 1.6, and 41.1 ± 0.5% and 15.2 ± 0.1, 24.2 ± 0.9, and 41.5 ± 0.8% (Table 1) .
No ergovaline was detected for E-and the concentration of this alkaloid for the E+ ration was very high (3,150 μg/L). Concentration of condensed tannins ranged from 4.1 (July 12) to 2.0% (July 27) in SAN and were almost negligible (ranging from 0.2% [July 15] to nondetectable [July 12 and 19]) in CIC ( Fig. 2A) .
Experiment 1
Legume Intake. Averaged across treatment groups that received the same legume, intake of SAN was greater than intake of CIC during the baseline period (19.8 vs. 15.1 g/kg 0.75 , respectively; P < 0.0001; SEM = 0.67) and the experimental period (25.9 vs. 18.8 g/kg 0.75 , respectively; P < 0.0001; SEM = 1.09). Intake of the legumes increased throughout the length of the experiment (P < 0.0001; Fig. 2B ). However, the ration had no effect on the ingestion of the legume species during the baseline period (legume × ration, P = 0.95; legume × ration × day, P = 0.37) or the experimental period (legume × ration, P = 0.22; legume × ration × day, P = 0.23; Fig. 2B ).
Ration Intake. Lambs offered CIC or SAN consumed similar amounts of E-during the baseline period (34.1 vs. 33.8 g/kg 0.75 , respectively; P = 0.83; SEM = 1.01; legume × ration, P = 0.42; legume × ration × day, P = 0.99; Fig. 3A) . However, lambs fed E+ during the experimental period ate more of the endophyte-infected ration when offered SAN (treatment SAN-E+) than when offered CIC (treatment CIC-E+; P = 0.03; Fig. 3A ). Lambs fed E-during the same period consumed similar amounts of this endophyte-free ration whether they received SAN (treatment SAN-E-) or CIC (treatment CIC-E-; P = 0.35). These differences across treatments caused a legume × ration interaction (P = 0.03; Fig. 3A) , which was not influenced by day (legume × ration × day, P = 0.18; Fig. 3A) .
Averaged across treatments receiving the same ration, lambs ate more E-than E+ (35.2 vs. 24.7 g/kg 0.75 , respectively; ration effect, P < 0.0001; SEM = 1.40).
Legume plus Ration Intake. During the baseline period, lambs offered SAN ate more total feed (legume + ration) than lambs offered CIC (53.6 vs. 49.2 g/kg 0.75 , respectively; P = 0.007; SEM = 1.08). In contrast, lambs offered CIC and E+ during the experimental period (CIC-E+) ate the least amount of feed for all treatments (38.9 g/kg 0.75 ; legume × ration, P = 0.004). No differences in feed intake were observed among the CIC-E-, SAN-E+, and SAN-E-treatments (56.7, 54.3, and 59.3 g/kg 0.75 , respectively; P > 0.10; SEM = 2.01), but a legume × ration × day interaction was detected (P = 0.004).
Body Weights. Lambs in the SAN-E+, SAN-E-,
CIC-E+, and CIC-E-treatments had similar initial (39 ± 2, 40 ± 2, and 42 ± 2 kg, respectively) and final BW (42 ± 2, 41 ± 2, 38 ± 2, and 41 ± 2 kg, respectively), with ADG for all treatments, which did not differ from 0 (P > 0.10).
Rectal Temperature. No differences in rectal temperatures were detected among treatments during the baseline period (legume × ration, P = 0.36; legume × ration × day, P = 0.72; Fig. 3B ). During this period, lambs supplemented with CIC and SAN showed average rectal temperatures of 39.5 and 39.3°C, respectively (SEM = 0.1). However, lambs fed E+ during the experimental period displayed lower rectal temperatures per gram of feed consumed when fed SAN (treatment SAN-E+) than when fed CIC (treatment CIC-E+; P < 0.0001; Fig. 3B ). In contrast, lambs offered E-during the same period showed similar rectal temperatures whether they were fed SAN (treatment SAN-E-) or CIC (treatment CIC-E-; P = 0.39). These differences across treatments caused a legume × ration interaction (P = 0.0008; Fig.  3B ) and a trend for a legume × ration × day interaction (P = 0.06). During the experimental period, lambs in the SAN-E+, SAN-E-, CIC-E+, and CIC-E-treatments showed average rectal temperatures of 39.7, 39.5, 39.8, and 39.5°C, respectively (SEM = 0.1).
Complete Blood Cell Count and Hormone Concentrations. Results of blood cell counts, prolactin, and cortisol are summarized in Table 2 . Regardless of ) and a ration containing endophyte-infected tall fescue seed, whereas the other 2 groups were offered cicer milkvetch (cicer milkvetch and endophyte-free tall fescue seed [CIC-E-]) or sainfoin (sainfoin and endophyte-free tall fescue seed [SAN-E-] ) and a ration containing endophyte-free tall fescue seed. The same treatment structure and protocol was applied during the baseline except that all 4 groups of lambs were offered endophyte-free tall fescue seed. the legume treatments, lambs fed E+ had greater concentrations of hemoglobin and more red blood cells than lambs fed E-(P < 0.05; Table 2 ). Regardless of the ration offered, white blood cell count declined during the experimental period for lambs fed CIC (P < 0.05; Table 2 ). No differences between treatment groups were detected regarding prolactin or cortisol concentrations (P > 0.05); concentration of both hormones declined during the experimental period (P < 0.05; Table 2 ).
Experiment 2
Preference between Legumes and Rations. All lambs preferred the ration (E+ or E-) over the legume (SAN or CIC) they received during Exp. 1 (feed effect, P < 0.0001; Fig. 4A ) and no differences among treatments were detected for the intake of legumes or rations (P > 0.22). Lambs tended to eat more E-than E+ ration during preference tests (18.9 vs. 15.6 g/kg 0.75 , respectively; P = 0.07; SEM = 1.3; Fig. 4A ) and lambs in the CIC-E+ treatment ate the least amount of total feed (legume + ration) of all treatments (P = 0.02; SEM = 2.0; Fig. 4A ).
Preference between Rations. All lambs preferred E-over E+ (ration effect, P = 0.001; Fig. 4B ). However, lambs in the CIC-E+ treatment ate less E+ than lambs in the SAN-E+ treatment during choice tests, which caused a ration × legume × feed interaction (P = 0.01; Fig. 4B ). Lambs ate similar amounts of total feed (E-+ E+) during preference tests (ration × legume, P = 0.56).
Experiment 3
Alkaloid extracts from E+ had an effect on the binding of condensed tannins with protein during the radial diffusion assay as evidenced by a type of tannin (vegetative and early bud stage) × alkaloid (E+, E-, and ergotamine) interaction (P < 0.05). Ergovaline in the E+ extract reduced the binding of the tannins with protein from the Early (e.g., vegetative) samples (composite extract from July 20 to 23) relative to negative controls (P < 0.05), as evidenced by the reduced diameter of the precipitate ring and tannin activity ( Fig. 5A and 5B). In contrast, the E+ extract did not influence the binding of "late" (e.g., early bud stage) tannins (composite extract July 30 to August 1) with protein in the agarose, as no reduction in the diameter of the precipitate ring or tannin activity was observed relative to controls (P = 0.49; Fig. 5A and 5B). Likewise, no effects of ergotamine were observed on the diameter of the precipitation ring or tannin activity (P > 0.13; Fig. 5A and 5B). Table 2 . Complete blood cell count, prolactin and cortisol of lambs fed endophyte-infected tall fescue seed (E+) or endophyte-free tall fescue seed (E-) in a ration and supplemented with sainfoin (SAN) or cicer milkvetch (CIC) 
DISCUSSION
Sainfoin and Endophyte-Infected Tall Fescue Seed Intake
One of the predictions of this study was that feeding a tannin-containing legume (e.g., SAN) would lead to greater intake by sheep of an ergot alkaloid-containing ration than feeding of a non-tannin-containing legume (e.g., CIC). Consistent with this prediction, lambs fed SAN consumed more E+ than lambs fed CIC.
Intake of E-during the baseline period was similar for all treatments, and treatment groups that continued to receive E-during the experimental period (e.g., SAN-E-and CIC-E-treatments) maintained similar values of E-intake. In contrast, lambs ate less E+ than E-during the experimental period and this pattern was more evident for the group offered CIC (CIC-E+) than for the group offered SAN (SAN-E+ treatment). The decrease in E+ intake could be explained by the aversive (i.e., emetic) postingestive effects caused by the ingestion of ergot alkaloids by livestock. This is suggested by the fact that antiemetic drugs such as metoclopramide, which attenuate food aversions (Provenza et al., 1994) , increase E+ intake in sheep (Aldrich et al., 1993a,b) . In addition, ergot alkaloids reduce cyclical reticuloruminal contractions in sheep (McLeay and Smith, 2006; Poole et al., 2009), which could lead to a decrease in passage rate and intake. The E+ ration in the present study contained 3,150 μg/L of ergovaline and sheep fed concentrations of ergovaline ranging from 1,000 to 1,500 μg/L display reduced feed intake and may show depressed digestibility compared with animals fed E- (Hannah et al., 1990; Aldrich et al., 1993a,b) .
In addition to the negative effects of ergot alkaloids on intake, supplying feeds or other forages to animals grazing E+ typically reduces E+ intake by livestock (Hess et al., 1996; Elizalde et al., 1998) . This supplemental feeding dilutes the concentration of alkaloids in the diet and improves performance (Elizalde et al., 1998) . Cicer milkvetch was used in this study as a control legume because it does not contain tannins and it is nonbloating due to the structure of its leaves (Lees, 1984) . In addition, the nutritional quality of CIC was similar to that of SAN, although CIC showed somewhat greater concentrations of CP, lower concentrations of ADF and aNDF, and greater estimates of digestibility. Nevertheless, intake of SAN by lambs was greater than intake of CIC, which could be explained by the superior nutritional properties of SAN relative to other legumes, such as improved protein utilization (Wang et al., 2015) . Concentration of RUP was greater in SAN and condensed tannins in SAN reduce ruminal degradability of CP, which increases intestinal AA absorption and N retention (Wang et al., 2015) . In contrast, greater ruminal degradability of CP leads to greater . Radial diffusion assay test for (A) the precipitate ring diameter (mm) after condensed tannins were extracted from sainfoin diffused into a gel and complexed with protein and (B) tannin activity (%). Solutions of condensed tannins were seeded into wells in the gel (none) or mixed with ergotamine or extracts of endophyte-infected tall fescue seed (E+) or endophyte-free tall fescue seed (E-). Condensed tannins were extracted from a composite of sainfoin collected during July 21 to July 24 (Early) and July 29 to August 1 (Late). a,bMeans with different letters differ (P < 0.05). Veg. = Vegetative.
concentrations of ammonia in the rumen, which reduces feed intake in ruminants (Kertz et al., 1982) . It has been reported that palatability of CIC is low relative to other legumes such as alfalfa, birdsfoot trefoil, or red clover although it leads to comparable levels of performance (Marten et al., 1990) .
Despite ingesting more legume and in contrast with the typical inhibitory effects of ingesting other forages on E+ intake, lambs in the SAN-E+ group ate more E+ than lambs in the CIC-E+ group and the latter group showed the lowest amount of total feed intake (legume + ration) of the treatment groups. Therefore, our results suggest that intake of E+ depends on the type of legume ingested. The provision of a tannin-containing legume such as SAN in the present study (about 50% of the total diet) was sufficient to lead to levels of E+ intake comparable with those observed when lambs were being offered E-and similar to those recorded during the baseline feeding period. Likewise, lambs supplemented with birdsfoot trefoil-another tannin-containing legume (Owens et al., 2012 )-or SAN (Catanese et al., 2014 ate more endophyte-infected tall fescue than unsupplemented animals. In another study, Lyman et al. (2011 Lyman et al. ( , 2012 showed that cattle grazed more E+ after a 30-min period of grazing birdsfoot trefoil than when they first grazed E+ and then the legume. Therefore, the presence of condensed tannins in supplemental legumes appears to increase-instead of just dilute and decrease-intake of endophyte-infected tall fescue.
Despite the increased consumption of E+ by lambs fed SAN, ADG did not differ among treatments and it did not differ from 0. This response could be explained by the fact that lambs were restricted in their access to the ration (1 h/d) to prevent overingestion of seed, which could have led to confounding negative postingestive effects (e.g., acidosis). Based on intake of legumes and rations, lambs ingested, respectively, approximately 60 (3 Mcal/d) and 70% (140 g) of their required DE and CP daily requirements (NRC, 1985) during the baseline and experimental periods, except for lambs in the CIC-E+ group, which consumed approximately 2 Mcal/d of DE and 120 g CP (40 and 60% of their daily DE and CP requirements, respectively) during the experimental period. The short duration of exposure to E+ could also explain the lack of differences among treatments.
Condensed Tannins and Endophyte-Infected Tall Fescue Seed Intake
The increased intake of E+ following supplementation with a tannin-containing legume has been partially attributed to the inactivation of alkaloids in E+ as a result of tannins binding with these N-containing compounds in the gastrointestinal tract (Lyman et al., 2012; Catanese et al., 2014) . Precipitation of alkaloids by their interaction with condensed tannins was originally proposed by Bate-Smith and Swain (1962) and subsequently demonstrated by the stable complexes formed between these molecules (Okuda et al., 1982; Charlton et al., 2000) . A recent in vivo study showed that the addition of polyethylene glycol, a polymer that selectively binds to tannins and inactivates their effects in the digestive tract, attenuated the beneficial effects of SAN, including increased E+ intake and improvement in physiological parameters indicative of fescue toxicosis in lambs consuming endophyte-infected tall fescue (Catanese et al., 2014) . Consistent with these results, the radial diffusion assay in the present study showed a reduced diameter of the precipitate ring and tannin activity when condensed tannins isolated from SAN samples fed early in the study were mixed with the E+ isolate. This suggests that the E+ isolate reduced the number of binding sites in condensed tannins available to precipitate protein, which is indicative of an alkaloid-condensed tannin interaction. This response was not observed for ergotamine, which suggests that the interaction depends on the stereochemistry of the ergot alkaloid present in the medium and that condensed tannins in SAN may react more readily with alkaloids other than ergotamine such as ergovaline. In fact, ergovaline was by far the most abundant alkaloid in the endophyte-infected seed isolate (Foote et al., 2012) .
Validation of the biological activity of ergovaline in the assayed extract has been done at the whole animal and tissue levels. The extract and ground seed caused similar toxic effects in cattle (Koontz et al., 2012) and the ergovaline in the extract caused vascular contractile responses nearly identical to pure ergovaline (Foote et al., 2013) . The endophyte-free extract is devoid of ergot alkaloids and caused no vascular responses (Foote et al., 2013) .
The present study also suggest that changes in the structure/reactivity of condensed tannins in SAN occur rapidly across the growing season as the addition of the same E+ extracts to tannins isolated from SAN fed during the end of the study (e.g., Late tannins; SAN in the early bud stage) showed no significant effects on the radial diffusion assay. In support of this, intake of E+ by lambs supplemented with SAN at the flowering stage did not differ from that of unsupplemented animals, whereas intake of E+ was greater when SAN was at the midvegetative stage (Catanese et al., 2014) . Therefore, it is possible that the interaction between ergot alkaloids and condensed tannins weakens as SAN matures toward the flowering stage. Several studies report a decline in the biological activity of condensed tannins extracted from SAN with maturity (Theodoridou et al., 2010 (Theodoridou et al., , 2011 (Theodoridou et al., , 2012 , a result supported by the present study when comparing tannin activities of Early vs. Late samples.
Legumes, Endophyte-Infected Tall Fescue Seed, and Preference
It was predicted that if tannins in SAN bind to alkaloids in E+, the alleviation of the negative postingestive effects of E+ would increase preference for a ration containing ergot alkaloids relative to animals fed a nontannin-containing legume. Despite the presence of ergot alkaloids in E+ and similar to groups offered E-, lambs preferred E+ to SAN or CIC. Nevertheless, even if E+ was preferred relative to legumes, our results support the beneficial effects of SAN on E+ intake because lambs previously exposed to E+ and SAN were more willing to ingest a combination of legume and E+ during preference tests than lambs previously exposed to E+ and CIC.
The energy density of the rations containing tall fescue seed may explain preference as lambs form strong preferences for the flavor of feeds that supply starch to the rumen (Villalba and Provenza, 1997) . In addition, the DM content of the ration was much greater (ranging between 90 and 95%) than that of the legumes (ranging between 20 and 30%). This difference may have enhanced preference for the ration relative to a scenario where only forages are available (i.e., fresh legumes and tall fescue). Herbivores prefer forages that offer more mass per bite and reduce the time required to handle each bite, because these attributes increase grazing efficiency and food reward (Laca et al., 1994; Distel et al., 1995) . These effects appeared to have been more consequential than the negative postingestive effects of the ergot alkaloids. Likewise, lambs ingest more of the toxin LiCl as the energy content of their diet increases (Wang and Provenza, 1997) .
When offered a choice between E+ and E-, all lambs clearly avoided E+. It is possible that the presence of ergot alkaloids causes food aversions (Aldrich et al., 1993b) , and lambs previously exposed to E+ (e.g., SAN-E+ and CIC-E+ treatments), therefore, showed a low preference for E+ when offered in a choice with E-. Moreover, intake of E+ was lower in CIC-E+ lambs than in SAN-E+ lambs, which further supports the beneficial effects of SAN and condensed tannins on E+ intake as lambs supplemented with SAN were willing to ingest more E+ in a preference test than lambs supplemented with CIC. Finally, lambs inexperienced with the negative postingestive effects of E+ (e.g., SAN-E-and CIC-E-treatments) also avoided E+ during choice tests, a pattern that could be attributed to the novelty of the E+ ration or discrimination of some cue present in E+ that signaled toxicity. It has been shown that sheep can discriminate between infected and noninfected Festuca rubra in preference tests and avoid the infected variety (Hubbard, 1995) . When given a choice from a series of tall fescue plots with different levels of infection, cattle were also found to preferentially graze on endophytefree plots (van Santen, 1992).
Physiological Parameters
Another prediction in this study was that feeding a tannin-containing legume would alleviate some physiological parameters associated with fescue toxicosis. Only the E+ treatment with a condensed tannin-free legume showed an increase in body temperature. High environmental temperatures induce hyperthermia in sheep fed endophyte-infected fescue seeds or noninfected seeds with added ergovaline (Gadberry et al., 2003) . Average minimum and maximum air temperatures during Exp. 1 were 16.7 and 31.6°C (Utah State University Climate Center report for Logan, UT).
The rest of the blood parameters explored in this study were not influenced by treatment, although SAN supplementation in a previous study improved some physiological parameters indicative of fescue toxicosis, such as greater plasmatic concentrations of globulin and prolactin in lambs consuming endophyte-infected tall fescue + SAN than in control animals that did not eat the legume (Catanese et al., 2014) . A reduction in serum prolactin is normally observed in livestock suffering fescue toxicosis (e.g., Schillo et al., 1988; Oliver et al., 2000) as the dopaminergic-like activity in E+ may inhibit prolactin release (Elsasser and Bolt, 1987) . Additionally, stress caused by the ingestion of toxins could induce the activation of the hypothalamic-pituitary axis resulting in increased secretion of cortisol from the adrenal gland (Harbuz and Lightman, 1992) . Glucocorticoids such as cortisol and catecholamines are frontline hormones that help mammals overcome stressful situations (Palme, 2012) .
It is likely that the time of exposure to E+ in this study was not long enough to induce significant changes in the concentration of prolactin or cortisol. However, a decline from the baseline feeding period to the experimental period was observed for the concentration of these 2 hormones. A better adaptation to the environmental conditions of the study with time could explain the lower concentrations of cortisol and prolactin during the experimental period. Concentration of blood cortisol increases with stress (Harbuz and Lightman, 1992) and prolactin has been shown to reduce the response of the hypothalamic-pituitary axis (Torner and Neumann, 2002) and increase its plasmatic concentration in response to stress (Landgraf et al., 1999) .
Consistent with findings in cattle (Oliver et al., 2000) , lambs fed E+ showed greater red blood cell counts than lambs fed E-. This pattern may also explain the greater content of hemoglobin for lambs ingesting E+, although lowered Cu levels in E+ forage (Dennis et al., 1998) may inhibit hemoglobin synthesis in grazing animals (Oliver et al., 2000) . White blood cell counts were greater in lambs fed SAN than in lambs fed CIC during the experimental period, which could be attrib-uted to the enhanced immune cell development observed in sheep fed SAN (Ríos-de Alvarez et al., 2008) .
Implications
Millions of acres seeded with tall fescue in the United States are infected with the fungal endophyte Neotyphodium coenophialum, which produces an array of ergopeptide alkaloids that are toxic to grazing animals. Supplementation programs using different feeds or forages typically increase nutrient ingestion and decrease E+ intake, which dilutes the concentration of alkaloids in the diet. In contrast, provision of tannin-containing legumes such as SAN to animals grazing E+ as lowcost supplements may contribute to increase nutrient ingestion while maintaining or increasing the use of E+ as some signs of fescue toxicosis are attenuated. This process appears to be mediated by condensed tannins in SAN through alkaloid inactivation, although this interaction appears to be dependent on plant maturity.
